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57]  ABSTRACT

A safety device specially suitable for preventing the
further movement: of power operated parts such as
doors of trams or garage doors on contact with an ob-
stacle for example a human being. A resilient member is
attached to the edge of the door and is provided with
two electrodes so that a constant small current flows
between the electrodes to indicate that the safety device
is operational and wherein, on contact with the edge of
the door, the resilient member deforms and gives rise to
an increased current between the electrodes which 1s
used as a control signal to inhibit further movement of
the door. The increased current is achieved either by
allowing the two electrodes to contact each other di-
rectly thus short circuiting a resistor or by making the
resilient member conductive so that its resistance de-
creases during compression. The resilient member. is
located within an elongate slot in a rubber moulding

having additional airfilled elongate slots for cushioning
the edge of the door.
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23 Claims, 11 Drawing Figures
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SAFETY DEVICE FOR LIMITING THE

' MOVEMENT OF DOORS AND THE LIKE ON
CONTACT WITH AN OBSTACLE

BACKGROUND OF THE INVENTION

The invention relates to a safety device for use on
compressing, -shearing and closing edges in power-
operated apparatus such as door and gate systems,
presses and the like, with a signaller arranged substan-

tially along the entire edge and connected to the drive

of the power-operated apparatus via a control unit.

In known safety devices of this kind, the signaller is a
flexible tube filled with air and connected to the control
unit for the drive via a pressure wave switch. If the tube
i1s compressed, for example by a person being caught
between the closing door or doors of a lift, a pressure
wave is produced which is converted by an electrome-
chanical member and causes the drive to stop or operate
in the reverse direction. A safety device of this kind has
the disadvantage that it is not self-monitoring. If, for
example, the air-filled tube has a defective or flawed
area or is leaky, it is possible that the pressure wave
produced on compression of the rubber hose will not
reach the electromechanical transducer, since com-
pressed air is escaping outwards at the defective point.

However, this means that the safety device is out of

-order and will fail, without anyone having previously
noticed the fact. This is a danger chiefly in power-
operated devices, such as door and gate systems,
mounted in the open air and thus exposed to the effects
of weathering, with the result that, after a lengthy per-
iod of operation, the air tube used will in all probability
cease to-be sound.

Self-monitoring safety devices are known, such as
so-called light barriers and ultrasonic barriers, for exam-
ple. However, these known devices are very expensive,
for one thing, and this in itself restricts their possible
applications. What is more, it is not possible with these
devices to secure edges uniformly along their entire
length, e.g. along the main closing edge of a sliding
door, since these devices can only be used at individual
points.

A pressure-sensitive switch is also known, which
contains a preferably cushion-shaped member made
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from a synthetic semiorganic elastic non-conductive |

substance such as silicone rubber, in which a quantity of

individual, electrically conductive metal particles are
dispersed. The dispersion of the particles i1s such that
when the cushion is in its normal state, i.e. not under
pressure, the electrical resistance of the cushion is infi-

nitely great and thus the cushion is non-conductive. If

the cushion is subjected to sufficiently great compres-
sive forces, the particles are correspondingly pressed

50

together into mutual engagement and the resistance of 55

the cushion changes so that the cushion becomes elec-
trically conductive. When the compressive force is
released, the cushion returns to its normal uncom-
pressed state, by its inherent elasticity, and the particles
in turn move relative to one another and the cushion
becomes non-conductive. This switch is not self-moni-
toring either, since no signal is produced if the cushion
is damaged or torn away, for example

The object -of this invention is to provide a safety
device of the kind described hereinbefore which is self-

65

monitoring but can nevertheless be used economically

to secure compressing, shearing and closing edges uni-

formly over their entire length. The safety device

p

should,; in particular, be useable in all apparatus in
which dangerous shutting movements occur and should
also safely prevent people or objects from being trapped
in the case of breakdown. |

BRIEF SUMMARY OF THE INVENTION

To solve this problem, it is provided according to the
invention that a quiescent current flows from one elec-
trode to the other in the signaller and is reduced or
interrupted by any damage to the signaller and in-
creased by compression of the signaller. Thus, the func-
tioning capability of the signaller can be monitored

‘constantly by monitoring the quiescent current.

In a preferred embodiment, the signaller is an elasti-
cally deformable member impregnated with a conduc-
tive lacquer and preferably made from a cellular poly-
mer material and is connected at two points remote
from each other to a voltage source, via the control
mechanism, in an electrically conductive manner.

The elastically deformable member impregnated with
a conductive lacquer has a specific current-flow resis-
tance, in its uncompressed state. If the member,
mounted on an edge of a power-operated apparatus
which 1s to be made safe, is compressed anywhere along
its length, the electrical resistance is reduced not only at
this point, but everywhere with the result that the con-
trol current, for example, also changes. This change in
the electrical resistance is used to produce a signal,
whereby the drive of the power-operated apparatus is
stopped or put into reverse. This may occur, for exam-
ple, as the result of the de-energizing of a relay provided
in the lead wire to the drive. Damage to the elastically
deformable conductive member also causes a change in
resistance, which means that the safety device accord-
ing to the invention is self-monitoring. In this way a
self-monitoring safety device is provided which can be
manufactured at low cost and is therefore economical to
use. The device according to the invention also makes it
possible to stop the relevant drive of the power-
operated apparatus or to put it into reverse, regardless
of the area, or even point, on the edge provided with the
slastic conductive member where pressure is exerted by
an object or person moving into the vicinity of this
member. The device according to the invention also has
the advantage that the signalling member can be
adapted to or cut to fit the shape of the appropriate
compressing, shearing or closing edge.

The signalling member preferably consists of open
celled, softly elastic foam plastics into which the con-
ductive lacquer is rolled and subsequently dried. This
ensures that the conductive lacquer adheres substan-
tially uniformly to the cell walls, on the one hand, and

also connects the open-pored cells to one another in a

conductive manner. In order to ensure that the resis-
tance 1s substantially equal in different areas over the
entire volume, and hence that substantially the same
change 1n resistance is obtained in each case when the
conductive foam is compressed at any point, it is advis-
able for the open celled, softly elastic foam plastics to
have cells of uniform size. The conductive lacquer may
be a standard commercial lacquer, i.e. consisting of a
binder and electrically conductive particles such as
powdered silver or copper and/or carbonaceous solids
such as carbon black or graphite. If desired, open-celled
sponge rubber may be used as the elastically deformable
member instead of foam plastics.

Another advantageous embodiment is characterised
in that the signaller comprises at least two electrical
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conductor members which are held at a certain spacing
by an elastically deformable insulating member in the
idle state, and that the conductor members are con-
nected, near one end, to a control mechanism and a
voltage source and, near the other end, to one another
via a measuring resistor.

This embodiment thus also operates on the quiescent
~ current principle, whilst the closed circuit which makes
self-monitoring possible is formed by connecting the
conductor members via a measuring resistor. If the
signalling member provided on an edge of a power-
operated apparatus in order to make it safe is com-
pressed anywhere along its length, the two conductor
members come into contact with each other, resulting
in a change in the resistance in the closed cirauit. This
change in the electrical resistance is used to produce a
signal and the drive of the power-operated apparatus is
stopped or put into reverse by a relay, for example.
Damage to the conductor members also produces a
change in resistance, since in this case one of the two
conductors is cut off and thus the circuit is broken. This
means that the safety device according to the invention
is self-monitoring. As long as the circuit is broken, 1t 1s
impossible to operate the power-operated apparatus for
windows, doors, gates, presses and the like. It enables
the drive in question to be stopped or put into reverse
regardless of the area—or even point—at which pres-
sure is exerted on the signaller by an object or person
moving into the area of the relevant edge. The device
according to the invention also has the advantage that
the signaller can be adapted to or cut to fit the shape of
the relevant compressing, shearing and/or closing edge,
even if the edge to be secured is not straight, as is the
case, for example, with the edges of doors in trams and
buses, which are curved at the bottom.

- In a preferred exemplary embodiment of the present
invention, the conductor members are formed by elec-
trodes in the form of strips, which are located opposite
one another in grooves in a single insulating member or
mounted on opposite surfaces of a multi-sectional insu-
lating member. It is possible to arrange two electrodes
in a central longitudinal-area of the insulating member;
however, in some cases, it may be advisable to arrange
two sets of two strip-shaped electrodes on the insulating
member symmetrically to its central longitudinal plane
and connect them in parallel. The electrodes may con-
sist of copper foil stuck on to the insulating member, but
they may also be formed by conductive material
sprayed on to the appropriate area of the insulating
member. - .

In a preferred exemplary embodiment of the present
invention, the conductor members are formed by two
elastically deformable foam strips, preferably of a cellu-
lar polymer material, impregnated with a conductive
lacquer and held at a spacing by an insulating member.
Thus, in this exemplary embodiment, the conductor
members themselves are elastically deformable so that
they come into contact with each other at a specific
pressure and can thus cause a change in resistance in the
closed circuit. .

The signaller formed in this way is appropriately
embedded in an elastically deformable hollow profile,
of rubber, for example, which may substantially take the
form of a flexible tube as used in pneumatic safety de-
vices, especially on its fastening side. In this way, on the
one hand the signaller is protected from external mnflu-
ences and on the other hand it is easy to change power-
‘operated apparatus over to the safety device according
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to the invention. The elastically deformable profile,
which can be relatively rigid, depending on the desired
minimum pressure, has an elastically yielding area capa-
ble of absorbing the unavoidable running on of power-
operated apparatus after they are switched off or re-
versed, this area being provided between the fastening
side of the profile and the cavity which receives the
signaller. In this way, additional protection is obtained
by a simple construction of the profile.

Advantageous developments of the invention are
specified in the sub-claims.

Further details and embodiments of the invention are
given in the following description, wherein the inven-
tion is described and explained in more detail with refer-

ence to the exemplary embodiments shown in the draw-
Ings.

BRIEF DESCRIPTION OF DRAWINGS

The drawings show:

FIG. 1: a diagrammatic partial view of a closed roll-
down door with the safety device according to the
invention, |

FIG. 2: the cross section of a strip-shaped signaller
according to the invention, used in a roll-down door as
in FIG. 1, with the electrical circuit shown diagrammat-
ically,

FIG. 3: a longitudinal section through an elastic plas-
tics strip of limited conductivity in a safety device ac-
cording to the invention, |

FIGS. 4 to 6: cross sections of other exemplary em-
bodiments of plastics strips in a safety device according
to the invention,

FIG. 7: a side view of the door region of a rail vehicle
with another embodiment of a safety device according
to the invention,

FIG. 8: a partly cut away perspective view of another
embodiment of a signaller for a safety device according
to the invention, and

FIGS. 9 to 11: partly cut away perspective views of
other exemplary embodiments of a signaller for the
safety device according to the invention.

DETAILED DESCRIPTION

According to FIG. 1, a sliding door can be rolled up
and down on a steel tube at its upper end, this tube being
driven by a reversible electric motor 13 via gears 9. The
roll-down door 12 comprises, along its entire longitudi-
nal edge 16 facing the ground 14, a strip-shaped signal-
ler 11 of limited electrical conductivity which 1s con-
nected, via an electrical control wire 17, to a control
mechanism 18 which stops the drive motor 13 or sets 1t
turning in the opposite direction when the signaller 11
responds during the closing of the roll-down door 12.

According to FIGS. 2 to 6, the signaller 11 consists of
an elastically deformable strip 21 of open-celled, softly
elastic foam plastics impregnated with a conductive
lacquer. The conductive lacquer is introduced into the
cellular polymer material, preferably by rolling, in such
a way that the walls of the open cells of the foam plas-
tics are substantially completely and uniformly covered
and are connected to one another in electrically con-
ductive manner by the conductive lacquer which ad-
heres to the walls. The foam plastics i1s dried after the
conductive lacquer has been rolled in, so that the plas-
tics strip 21 is substantially dry. The conductive lac-
quer, which has a specific resistance value, is made up
of a binder and corresponding conductive particles
which may consist of a powdered metal, such as silver
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or copper, or carbonaceous solids, such as carbon black
or graphite. In this way, the foam plastics strip 21 has a
pre-determined finite electrical current-flow resistance
appropriately being substantially the same in each area,
by virtue of the fact that the open-celled foam is pro-
vided with cells or pores of substantially the same size.

According to FIG. 2, the oblong conductive strip 21,
which is rectangular or square in cross section, is cov-
ered along the entire length of its upper and lower lon-
gitudinal surfaces 26 and 27 with electrodes 22 and 23
which are connected to an AC or DC control voltage
source 24 via a control mechanism 18 and are connected
to one another in electrically conductive manner solely
by the strip 21 of limited conductivity. The electrodes
22 and 23 are mounted on the strip 21 1n such a way that
there 1s no appreciable electrical current-flow resistance
between the electrodes 22, 23 and strip 21. This can be
~ done, for example, by means of a conductive adhesive

“or by placing the strip 21 together with the electrodes
. 22, 23 under slight prestressing in a compressible clamp.
- In the exemplary embodiment shown in FIG. 2, the

signaller 11 is placed in a cavity 28 extending length-
wise In an elastic profile 29, which is preferably made of
rubber. Prestressing can be produced by hghtly com-
pressing the foam plastics strip 21 after it has been in-
serted in the cavity. At one point on the rubber profile
29, which 1s open only at the ends and 1s available by the
meter, there emerge two leads 17 which are connected
to the electrodes 22, 23 and lead to the voltage source
24 and control mechanism 18. The rubber profile 29 also
comprises, on its upper longitudinal edge, a double
- T-shaped strip 32 by means of which it can be fastened
in a corresponding profile on the longitudinal edge 16 of
the roll-down door 12. Moreover, the rubber profile 29
comprises a sealing lip 33 surrounding the part 28 with
the signaller 11, and this lip can be compressed to form
a seal between the roll-down door 12 and the ground 14
without compressing the signaller 11 as well. This en-
sures that the safety device is triggered even by slight
impact. A special limit switch is provided for arresting
the device in the closed position. The hollow profile 29,
which may advantageously be replaced by an air tube as
used in previous safety devices, and the signaller 11
extend substantially over the entire length of the edge
16 of the roll-down door 12.

The safety device according to FIGS. 1 and 2 pro-
vided with the signaller 11 operates as follows:

If a vehicle or person or some other object is located
between the ground 14 and the closing edge 16 when
the roll-down door is closing, first the sealing lip 33 and
then the conductive foam strip 21 of the signaller 11 is
compressed at this point by the compressive forces A
which occur as the hollow profile 29 makes contact
with the object or person. The compression of the con-
ductive strip 21, which the electrodes 22, 23 can follow,
causes a reduction in the current-flow resistance be-
tween the electrodes 22 and 23. This reduction in the
resistance of the conductive strip 21 or of the signaller
11 has the result that, because the electrodes 22, 23 are
connected to the voltage source 24 via the control
mechanism 18, the control current increases. This in-
crease in the control current is used in the control mech-
anism 18 to activate a relay, for example, which stops
the drive motor or puts it into reverse. |

If the signaller 11 is damaged in any way, for example
by a piece being torn out of the conductive strip 21, the
current-flow resistance increases, and this results in a
reduction in the control current and may cause a thresh-

6

old circuit in the control mechanism 18 to respond, thus
mterrupting the drive for the roll-down door 12 until
the damage is repaired and the normal current-flow
resistance of the strip 21 is restored. Appropriately, the
circuit may be designed so that damage to the signaller
11 prevents the roll-down door 12 not only from open-
ing but also from closing. Thus, the safety-device ac-

- cording to the invention is self-monitoring. The change
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in resistance which is sufficient to produce a signal is
independent of the point where the foam plastics strip
21 is compressed.

- F1GS. 3 to 6 show further exemplary embodiments of
signallers 11 comprising a conductive foam plastics strip
and two electrodes 22 and 23; these signallers can be
used on compressing, shearing or closing edges of vari-
ous power-operated apparatus, particularly presses, as
well as on the roll-down door 12 shown in FIG. 1 or
other door systems such as lift doors or sliding doors in
vehicles, for example.

According to FIG. 3, the oblong conductive foam
plastics strip 21, which is shown in longitudinal section,
1s provided with the electrodes 22, 23 not on two of its
longitudinal sides but on both its end faces 36. The
electrodes 22, 23 covering the whole of the end face 36
are each covered by a thin, flexible, non-conductive
plate 37, consisting of a suitable plastics material, for

~example. Such plates 37 protecting the electrodes may

also be provided in the exemplary embodiment in FIG.
2 and, like the electrodes 22, 23, may extend over the
entire longitudinal surfaces 26, 27 of the strip 21. Unlike
in the conductive strip 21 according to FIG. 2, wherein
the compressive forces occurring in the direction of the
arrow A act on the electrodes 22, 23 at every point
along its length, the compressive forces A in the exem-
plary embodiment according to FIG. 3 are effective
between the two electrodes 22 and 23 arranged at the
ends of the strip 21. This means that the same degree of

- compression causes a substantially greater change in

resistance in the conductive strip 21 according to FIG.
2 than in the arrangement according to FIG. 3. Thus,
the choice of the most suitable arrangement for a spe-
cific power-operated apparatus is largely dependent on
the desired sensitivity of the signaller 11.

FIG. 4 shows a cross section through a conductive
foam plastics strip 21 wherein the compressive forces
act in the direction of the arrow B and which comprises,
on only one of its sides, two electrodes 22, 23 extending
over the entire length of the strip 21 and arranged paral-
lel, at a spacing from each other, in the region of the
side edges of the strip 21, these electrodes each being
covered by a non-conductive plate 37. The side of the
strip 21 opposite the electrodes 22, 23 is appropriately
the side which comeés into contact with the object
which is to be protected from being trapped.

FI1G. 5 shows an oblong conductive strip 21 more or
less square 1n cross section, with the electrodes 22, 23
and plates 37 arranged on its adjacent longitudinal sides,
which are at an angle of 90° to one another. In this
embodiment, wherein the compressive forces can act in
the direction of the arrows C, it 1s essential for the elec-
trodes 22, 23 to be somewhat narrower than the rele-
vant side of the strip 21 so that they do not meet at the
common edge.

FIG. 6 shows an exemplary embodiment of a safety
device of the kind which may be used, for example, on
manually controlled power-operated apparatus such as
presses. A foam plastics strip 21’, constructed as a tube
slotted on one side and impregnated with conductive
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lacquer, 1s wrapped round a handle 38 made of non-con-
ductive material which has to be gripped by an operator
in order to switch on the drive for the apparatus. The
electrodes 22', 23, which are connected to the voltage
source 24 via the control mechanism 18, are arranged
on the slotted edges 39 of the sirip. Using this safety
device, it 1s possible to control a power-operated appa-
ratus, for example, so that it 1s stopped or put into re-
verse when the operator releases the handle with the
strip 21', i.e. ceases to compress it. This has the result
that, when the strip 21’ is able to re-expand from its
compressed state, the current-flow resistance increases
and a relay in the control mechanism 18 can switch off
the drive. |

It will be seen, particularly from the exemplary em-
bodiment shown in FIG. 6, that the safety device ac-
cording to the invention can also be used as a command
device in power-operated apparatus wherein normal
mechanical switches cannot be used, e.g. in command
devices for pressure-operated triggers on the ground,
such as door mat controls.

The safety device according to the invention shown
in FIG. 7 is mounted on double doors 112 of the kind
used in rail vehicles such as trams or underground trains
or in buses. The two leaves of the double doors 112
which move together when the doors close can be actu-
ated separately by a drive (not shown in FIG. 7), for
example a pneumatic drive, via a reversing valve lo-
cated in a compressed air line. On their facing closing
edges 113, the two leaves of the double doors 112 each
have an electrical signaller 111 according to the inven-
tion, extending over the entire length of the edge, and
connected to the relevant drive or both drives via a
control mechanism (again, not shown in FIG. 7). When

the signaller 111 responds during the closing of the
double doors 112 or when there 1s a fault in the signaller

111, the drive for the double doors is stopped and/or
put into reverse for the lifting movement.

According to FIG. 8, the oblong signaller 111 con-
sists of an elastically deformable insulating member 116
in the form of a strip, with a more or less rectangular
cross section, made of foam or foam rubber. The insulat-
ing member 116 which is the same length as the door
edge 113 comprises, at right angles to the central longi-
tudinal plane 117, two grooves 118 extending symmetri-
cally to the central transverse plane. The two opposite
lateral walls of these grooves have strip-type electrodes
arranged on them, for example stuck on. Thus, each
groove 118 contains two electrodes 119 electrically
insulated from each other lying one above the other in
the direction of the central longitudinal plane 117. The
electrodes 119 may be made of copper foil, for example,
but may also be formed by conductive material sprayed
on to the appropriate part of the insulating member 116.

The electrodes 119 also extend over the entire length
of the insulating member 116. At one end, the electrodes
119, positioned above one another, are connected iIn
pairs to a2 control mechanism 121 which is provided
with an internal voltage source (not shown). The con-
trol mechanism 121 1s in turn connected to the drive
122, whilst an electropneumatic transformer unit may
be interposed between the control mechanism and the
pneumatic drive 122. The other end of the two pairs of
electrodes, connected to one another in parallel, is pro-
vided with a measuring resistor 123 which connects the
two superimposed opposite-pole electrodes of each pair
to one another.
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The signaller 111 is inserted in a lengthwise cavity
128 in an elastic profile 129 made of rubber, for exam-
ple, preferably prestressed by slight compression of the
elastic insulating member 116. Owing to the rectangular
cross section of both parts, the insulating member 116
cannot rotate inside the cavity 128. On its free end, the
profile 129 has a rounded sealing lip 133 which forms
another cavity shaped more or less like a half moon. On
the opposite longitudinal side, which is firmly clamped
in posttion, the profile 129 has a double T-shaped strip
132 by means of which the profile can be fixed in a
correspondingly undercut clamping profile 134 on each
closing edge 113 of the double doors. Between the dou-
ble T-shaped strip 132 and the cavity 128 is provided a
second cavity 136 which serves to absorb the run-on of
the switched off drive 122 by its flexibility. The fixing
strip 132 of the profile 129 is advantageously con-
structed so that it is interchangeable with the hitherto
conventional air tubes for pressure wave safety devices,
which are fixed on in the same way.

The safety device provided with the signaller 111
operates as follows:

In the resting position, i.e. when the double doors 112
are open, for example, the super-imposed electrodes 119
of each pair of electrodes are held at a certain spacing,
as shown in FIG. 8. Since the electrodes 119 abut on a
voltage source at one end and are bridged by the mea-
suring resistor 123 at the other end, a specific quiescent
current flows, which has the effect, via the control
mechanism 121, of causing the drive 122 for the double
doors 112 to close the doors.

If there is a person or object between the two closing
edges 113 when the double doors 112 are closing, first
the sealing lip 133 and then the elastically deformable
insulating member 116 of the signaller 111 is com-

pressed at this point as the hollow profile 129 of one or
both leaves of the double doors 112 makes contact with

the person or object. The compression of the insulating
member 116 causes the superimposed electrodes 119 of
at least one pair to move together and finally make
contact. The contact between the electrodes 119 means
that the measuring resistor 123 is bridged, i.e. short-cir-
cuited. The short circuit in turn leads to an increase in
current compared with the current which flows in the
resting state, and this results in a relay in the control
mechanism 121 stopping or reversing the drive 122. In
both cases, the drive 122 or the double doors 112 run on
to some extent in the closing direction, but this can be
absorbed by the flexibility of the profile 129, thanks to
the second cavity 136. If the compression or crushing of
the signaller 111 ceases, the resting state is restored and
the drive 122 can be re-activated.

If, however, the signaller is damaged in any way, for
example by a piece torn out of the insulating member
116 together with the electrodes 119, the current-flow
resistance becomes infinite. The consequent change in
the quiescent current triggers a relay, for example, in
the control mechanism 121, which stops the drive.
Thus, any damage to the signaller 111 prevents the
double doors from closing.

Since the voltage supply is arranged at one end of the
electrodes 119 and the measuring resistor 123 is at the
other end, the signaller 111 according to the invention is
able to monitor itself unrestrictedly, even if the measur-
ing resistor 123 is defective, for example. The function-
ing of the signaller 111 is independent of the point at
which the insulating member 116 is compressed and is
not affected by whether the pressure is exerted at one
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point or along a line or over an area.. Moreever the
response of the 51gnaller 111.1s. lndependent of whether
it is compressed only on one leaf or on both leaves of
the double doors 112 at the same time.

FIGS. 9, 10 and .11 show further exemplary embodi-

ments of a signaller 111, whilst it should be remembered
- that the hollow proﬁle 129 and the control mechanism

10

~ damage, other external influences may also cause a

121 of FIG. 8 are also present, though not shown. The

functlomng of the signaller in these exemplary embodi-
ments is the same as for the signaller ~ccording to FIG.

change in resistance in the closed circuit, such as, for
example, a conductive liquid, especially water, getting
into the safety device. Undesirable effects of this kind

“are thus signalled.

" T claim:

LA safety device suitable for use in power operated
‘apparatus for producing a safety control signal on

- contact between an obstacle and at least one part of the

10

2; the only. differences are the arrangement and demgn -

of the electrodes and insulating member.

According to FIG. 9, the member 116’ which carries

the electrodes 119 is of multi-sectional construction.
The member 116’ consists of two insulating strips 141
which are prowded with the electrodes 119 in the re-
~ gion of the central longltudmal plane on the facmg
surfaces 142 of these-strips and are held at a spacing by
two lateral insulating strips. Whereas the insulating
strips 143 are made from an elastically deformable foam
or foam rubber, llke the insulating member 116, the
insulating strips 141 fitted with the electrodes 119 can
either also be made from an elastically deformable mate-

rial such as foam or foam rubber, or from a solid mate-

rial. The cross section of this member 116" corresponds
to that of the insulating member 116. Since, in this ex-
emplary embodiment, the two electrodes 119 mounted
one above the other extend in the central longltudmal
plane of the member 116’, for some purposes it 1s suffi-
cient to use only one pair of electrodes.

FIG. 10 shows an exemplary embodiment wherein
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apparatus to control the further operation of said appa-
ratus, said safety device comprising a resilient member
attachable to a part of an apparatus, at least two elec-
trodes associated with the resilient member and con-
nectable to an electrical supply, means electrically inter-
connecting said electrodes and capable of passing a
current indicative of unobstructed operation of said
apparatus and means responsive to deformation of said
resilient member following contact therewith to change
the electrical conditions prevailing between said elec-
trodes to vary said current and means capable of detect-
ing the variation in current to produce said safety con-

_trol signal.

2. Safety device according to claim 1 and in which
said means electrically interconnecting said electrodes
comprises said resilient member, said resilient member

~ being adapted to have a first finite resistance in its unde-

30

the signaller 111 also comprises two insulating strips

141, but these are held at a spacing only by an insulating
strip 143 extending in the central longitudinal plane.
Unlike in the embodiment in FIG. 9, in this case the
electrodes 119 are mounted on the longitudinal sides
144 of the insulating strip 141. The electrodes 119 of an
insulating strip 141 are in each case connected in paral-
lel. By compressing the insulating strip 143, the elec-
trodes 119 located with their narrow sides opposite
each other are brought into contact.

FIG. 11 shows an exemplary embodiment wherein

the 51gnaller 111 is provided with two superimposed
electrode strips 146 instead of the strip-type electrodes,
and these are elastically deformable and held at a spac-

ing by an insulating strip 143 which may be elastic or-

solid. The electrode strips 146 consist of open-celled,
softly elastic foam plastics impregnated with a per se
known electrically conductive lacquer. This conductive
lacquer for example is introduced, preferably rolled,
into the cellular polymer material in such a way that the
walls of the open cells of the foam plastics are covered
substantially completely and uniformly and are inter-
connected in electrically conductive manner by the
conductive lacquer adhering to the walls. On the sur-
face of the electrode strips 146 there may be provided
electrically conductive bands 148 facing away from
each other and connected to the voltage source, on the
one hand, and the measuring resistor 123, on the other.
Here, too, compression and contact of the electrode
strips 146 at any point causes a change in the resistance
of the closed circuit, thus producing a signal. Corre-
spondingly, the resistance of this closed circuit also
- changes when the electrode strip or strips 146 1s or are
damaged. It should be understood that, instead of foam
impregnated with conductive lacquer, it is also possible
to use another conductive plastics or other elastically
deformable conductive material. Besides mechanical
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formed condition and a different ﬁnlte re31stance in its
deformed condition. |

3. Safety device according to claim 1 and in which
said means electrically interconnecting said electrodes
comprises a resistor and wherein said electrodes are
disposed spaced apart from each other and capable of
contacting each other on deformation of said resilient
member to bypass said resistor and thus form said means
for changing the electrical condition prevailing be-
tween the electrodes for varying said current.

4. Safety device according to claim 2 in which said
part of the apparatus comprises an elongate edge
thereof and in which said resilient member is itself elon-
gate and adapted for attachment to said edge, and In
which said at least two electrodes are disposed spaced
apart on the surface of said resilient member.

5. Safety device according to claim 4 and in which
said resilient member is of rectangular section and said
two electrodes are spaced apart along a single side sur-
face of said resilient member.

6. Safety device according to claim 4 and in which
said two electrodes are connected to opposite end faces
of said elongate resilient member.

7. Safety device according to claim 4 and in which
said resilient member is of rectangular section and said
two electrodes are respectively connected to adjacent
side faces of said resilient member.

8. Safety device according to claim 4 and in which
said resilient member is located within a cavity In a
rubber moulding said rubber moulding having at least
one further elongate cavity positioned in front of said
resilient member for providing additional resilience of
the edge of the apparatus.

9, Safety device according to claim 4 and in which
said resilient member comprises a cellular polymer ma-
terial impregnated with a conductive lacquer.

10. Safety device according to claim 8 and in which
said rubber moulding is provided with an elongate pro-
filed part behind said resilient member for engaging a
cooperating feature on the edge of said part to attach
the moulding to that part.
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11. Safety device according to claim 3 and in which
~said part of the apparatus comprises an elongate edge
thereof and in which said resilient member is an elon-
gate member extending along said edge, said resilient
member having means defining a slot therein, said at
least two electrodes being disposed on the resilient
member to either side of said slot and said resistor being
connected between the electrodes their one ends and
said electrical supply being connectable to the elec-
trodes at their other ends remote from said resistor.

12. Safety device according to claim 11 and in which
said slot runs through the center of said resilient mem-
ber.

13. Safety device according to claim 11 and in which
‘a pair of slots are provided at either side of the resilient
member and a pair of electrodes is associated with each
said slot.

14. Safety device according to claim 11 and wherein
said resilient member is located within a cavity formed
in an elongate rubber moulding.

15. Safety device according to claim 14 and in which
said rubber moulding includes means defining a further
cavity in front of said resilient member.

16. Safety device according to claim 15 and in which
said rubber moulding includes further means defining a
further cavity behind said resilient member.

17. Safety device according to claim 15 and in which
said rubber moulding is provided with an elongate pro-
filed part behind said resilient member cooperable with
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a mating profiled part along the edge of said apparatus
to secure the moulding to that part.

18. Safety device according to claim 11 and in which
the surface of said resilient member beneath said at least
two electrodes comprises strips of an open celled rela-
tively flexible foamed plastic impregnated with an elec-
trically conductive lacquer.

19. Safety device according to claim 1 and in which
sald apparatus comprises a vertical door and in which
said resilient member is attached to the edge of the door.

20. Safety device according to claim 1 and in which
sald apparatus comprises a garage door and said resil-
tlent member is attached to the bottom edge of said
garage door. .

21. Safety device according to claim 1 and in which
said apparatus comrises a press.

22. Safety device according to claim 1 and in which
said apparatus includes a handle, said two electrodes
being on opposite side of a resilient member in the form
of a sheet of resilient material, said sheet of resilient
material being wrapped around said handle.

23. Safety device according to claim 1 and in which
said resilient material comprises an open celled cellular
polymer material to which the conductive lacquer is
applied by rolling whereby to provide the cell walls of
said cellular polymer material with a substantially com-

plete and uniform coating of said lacquer.
* * % % X%
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